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非酒精性脂肪肝病（Non-alcoholic fatty liver disease,NAFLD），是当今最
普遍的肝脏疾病，世界 3～5%人口受此病困扰。慢性炎症作为主要的病因，推
动 NAFLD 从肝单纯脂肪变性(steatosis)逐渐向非酒精性脂肪肝炎(Nonalcoholic 
steatohepatitis,NASH)、肝纤维化、肝硬化进展，严重威胁人类健康。但是，至




抗炎小分子药物对于治疗 NASH 具有重大意义。 
本论文旨在研究舒林酸衍生物 K-80003 靶向 RXRα的抗炎机制。实验结果
显示，在多种炎症因子诱导的细胞炎症模型中，K-80003 能抑制核因子 κB 
(Nuclear factor-kappaB,NF-κB)通路激活、逆转 IκBα 降解和阻断 p65 细胞核定
位，发挥 RXRα依赖的抗炎作用。同时，K-80003 可抑制 IL-1β引起的 TRAF6，
一种炎症信号通路中重要的支架蛋白和关键的泛素连接酶，泛素化。在缺乏蛋
氨酸/胆碱饲料喂养(Methionine-Choline-Deficient,MCD)的 NASH 动物模型中，
K-80003 显著抑制肝脏脂滴堆积和炎症。在 IL-1β诱导下，修饰后的 RXRα（非
全长的 RXRα）与细胞质中的 TRAF6 相互作用。K-80003 显著抑制该相互作
用，导致 NF-κB 通路失活，抑制炎症。另外 RXRα/LBD 区域和 TRAF6/TRAF
区域与 RXRα 与 TRAF6 的细胞质共定位密切相关。K-80003 抑制 IL-1β 引起
















本论文有效评估靶向 RXRα 的小分子化合物 K-80003 抗炎活性，揭示 K-
80003 通过抑制 RXRα 与 TRAF6 相互作用发挥抗炎功能的这一新机制。该研
究显示，RXRα及其配体在调控炎症反应中发挥的积极作用，揭示了 RXRα可
作为治疗 NASH 的潜在药物开发靶点，为进一步开发 K-80003 为 NASH 药物
























Retinoid X receptor-α (RXRα), a unique member of the nuclear receptor 
superfamily, plays an integral role in a wide range of cellular pathways, including 
proliferation, differentiation, survival, and apoptosis. Ligands of RXRα could 
activate RXRα homodimer and heterodimer to regulate the expression of target 
genes. Cytoplasmic location of RXRα also mediates the crosstalk between RXRα 
pathway and other signaling pathways. Thus, abnormal activation of RXRα 
signaling is implicated in the development of cancer and diseases, including 
inflammatory diseases, cancer, metabolic syndrome and neurodegenerative 
diseases. Chronic inflammation is cloased related to human health because of its 
signifiacant role during development from steatosis, liver fibrosis, cirrhosis to 
hepatocellular carcinoma. However, whether and how RXRα signaling and its 
ligands are involved in the regulation of chronic inflammation remain largely 
undetermined. 
Our previous results showing that RXRα served as an intracellular target of 
Sulindac action provided an opportunity to design RXRα-selective Sulindac 
derivatives for the anti-inflammatory therapy. Because of its much-improved 
affinity to RXRα and lack of COX inhibitory effect, Sulindac analog K-80003 was 
chosen for evaluation in this study. Here, we showed that K-80003 could inhibit 
the activation of the NF-κB pathway, including IκBα degradation, and p65 nuclear 
translocation induced by various of pro-inflammatory cytokines in a RXRα-














induced by IL-1β in dose-dependent manner. In the Methionine-Choline-
Deficient(MCD)-induecd Non-alcoholic fatty liver disease (NAFLD or NASH) 
animal model, K-80003 alleviated excess accumulation of fat in hepatocytes 
accompanied with inhibition of inflammation. Interestingly, we found that a 
modified-RXRα protein could interact with TRAF6 under IL-1β treatment. 
Furthermore, K-80003 could inhibt the interaction between RXRα and TRAF6, 
resulting in inhibition of NF-κB signaling pathway. We also demonsatrated that 
the ligand-bnding domain (LBD) of RXRα and the TRAF domain of TRAF6 are 
essential for their cytoplasmic co-localization. 
Together, our study show that Sulindac analog K-80003 could inhibit 
inflammation by inducing RXRα interaciton with TRAF6 complex and identify 
K-80003 as a promising lead for the treatment of inflammatory and metabolic 
disorders, such as NASH. 
 























第一节 前 言 
1.1 核受体概述 
核受体（Nuclear Receptor，NRs）超家族是真核生物体内分布最为广泛






1.1.1 视黄醇 X 受体 RXR 




























1.1.2 视黄醇 X 受体的分类和结构 
依据编码基因的不同，RXRs 可以分为 RXRα、RXRβ 和 RXRγ 三种亚
型[5]。其中又以 RXRα（又称 NR2B1）最为重要，广泛分布于多种组织器
官，发挥多项重要的生物学功能。和其他核受体相似，RXRs 分子结构可以
分为 A／B、C、D、E 和 F 等 5 个结构性区域[11]。氨基端的 A／B 区是不
依赖配体的转录激活区域。C 区为 DNA 结合区域，由两个 zinc 指结构域组


















图 1: RXRα的分子结构及功能[5] 
Figure 1：structural and functional organization of retinoid X receptors[5].  
1.1.3 视黄醇 X 受体的功能 









































例如在胃癌细胞 MGC80-3 中，9-cis-RA 可快速诱导 RXRα出核，启动由孤
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